Background and purpose -The use of local infi ltration anesthesia (LIA) has become one of the cornerstones of rapid recovery protocols in total knee arthroplasty patients during the past decade. In total hip arthroplasty (THR), however, the study results are more variable and LIA has therefore not yet been generally accepted. There is no consensus on which structure should be infi ltrated and the cutaneous nerves are generally neglected. Hence, we hypothesized a pain-reducing effect of specifi cally blocking these nerves.
Background and purpose -The use of local infi ltration anesthesia (LIA) has become one of the cornerstones of rapid recovery protocols in total knee arthroplasty patients during the past decade. In total hip arthroplasty (THR), however, the study results are more variable and LIA has therefore not yet been generally accepted. There is no consensus on which structure should be infi ltrated and the cutaneous nerves are generally neglected. Hence, we hypothesized a pain-reducing effect of specifi cally blocking these nerves.
Patients and methods -We performed a single-center randomized placebo-controlled trial in 162 subjects to evaluate the infi ltration of the lateral cutaneous femoral and subcostal nerve with ropivacaine in patients undergoing total hip arthroplasty via a straight lateral approach. The primary endpoint was pain at rest after 24 hours. Patients were followed up to 6 weeks postoperatively.
Results -After correction for multiple testing, no statistically signifi cant differences in pain scores were found between the ropivacaine compared with the placebo group after surgery. In addition, no differences were observed in the use of escape pain medication, complications, and the length of hospital stay.
Interpretation -We found no clinically meaningful differences in pain scores between placebo and ropivacaine patients in the postoperative period after THA performed via a straight lateral approach under spinal anesthesia and a multimodal pain regimen. Moreover, our primary endpoint, pain reduction after 24 hours, was not met. Further research should focus on the composition and volume of the LIA suspension, the optimal localization of the infi ltration, and should be evaluated for every surgical approach separately.
■
While the use of local infi ltration anesthesia (LIA) in total knee arthroplasty (TKA) has been embraced by orthopedic surgeons worldwide, the use in total hip arthroplasty (THA) patients has remained a matter of debate (Andersen and Kehlet 2014) . LIA in TKA has unequivocally been shown to reduce early postoperative pain with positive effects on mobilization and hospitalization (Andersen et al. 2008a and b, Andersen et al. 2009 , Dillon et al. 2012 , Gibbs et al. 2012 , Tran and Schwarzkopf 2015 .
Studies with the use of LIA in THA patients show mixed results (Andersen et al. 2007a , Busch et al. 2010 , Andersen et al. 2011 , Banerjee and McLean 2011 , Lunn et al. 2011 , Dobie et al. 2012 , Murphy et al. 2012 , Rikalainen-Salmi et al. 2012 , Kuchalik et al. 2013 , Pandazi et al. 2013 , Zoric et al. 2014 , den Hartog et al. 2015 . Although most research consists of well-conducted randomized controlled trials (RCTs), study designs and set-up vary considerably (Wang et al. 2017) . Differences are found in the treatment of the control groups, the composition of the LIA suspension, and the endpoints investigated. Moreover, surgical factors like surgical approach and the structures that are actually being infi ltrated differ remarkably (Table 1) . Our prior observations in THA patients via a straight lateral approach showed that most patients suffer from superfi cial wound pain instead of deeper groin pain. We therefore hypothesized that blocking the nerves innervating the wound area might result in reduced postoperative pain.
This study is a single-center, randomized placebo-controlled trial in patients undergoing THA via straight lateral approach by infi ltrating the nerves innervating the area of the incisionthe lateral cutaneous femoral nerve and the subcostal nervewith ropivacaine compared with placebo (NaCl 0.9%). All patient received the ropivacaine or placebo in addition to multimodal pain management in a fast-track recovery protocol. The primary endpoint was pain at rest 24 hours after surgery.
Patients and methods

Patients
After written informed consent had been obtained, 162 patients with primary osteoarthritis undergoing elective THA at the Department of Orthopedic Surgery, Spaarne Gasthuis Hospital location Hoofddorp, from August 2014 to September 2016 were enrolled in this randomized trial. Exclusion criteria included known allergy to ropivacaine, general anesthesia, opioid dependency, malignancies, co-morbidities compromising pain perception (e.g., neurologic of psychiatric disorders), ASA grades 3-4. In addition, patients suffering from peroperative complications interfering with postoperative pain and perception or mobilization were excluded. Preoperatively, patient demographics, visual analogue pain scores (VAS) in rest and during mobilization, as well as the Hip disability and Osteoarthritis Outcome Score (HOOS), Short form Survey (SF-12) and Oxford Hip Score (OHS) questionnaires were documented.
Methods
All patients were admitted on the day of surgery. A standardized pain protocol was used. 2 hours preoperatively patients received 1000 mg acetaminophen, 15 mg meloxicam, and 600 mg gabapentin. All surgeries were performed under spinal anesthesia, using low-dose bupivacaine. Postoperative patients received 1000 mg acetaminophen every 6 hours, 15 mg meloxicam once daily both at least until discharge, and 600 mg gabapentin 3 times a day for a period of 5 days. When the protocol medication was insuffi cient to control pain, escape medication consisting of Oramorph oral solution (morphine sulfate) or Dipidolor (piritramide) intramuscular (both 5-10 mg) was available and its usage documented.
On the day of surgery, blinded numbered 50 cc syringes containing either ropivacaine (ropivacaine HCl 7.5 mg/mL injection fl uid; Fresenius Kabi, Zeist, The Netherlands) or placebo (0.9% NaCl) were provided by the department of pharmacy, which used a block randomization scheme to control group volume. Surgeons, patients, nurses, and investigators were all blinded for treatment. Standard hip arthroplasty surgeries (uncemented Zweymuller steel, Durasul cup (Zimmer Orthopaedics)) were performed by 6 different orthopedic surgeons or coupled residents via a straight lateral approach according to Hardinge. Prior to the surgeries an instruction video was shown to all surgeons on multiple occasions. The video shows exactly how to infi ltrate with the highest chance of blocking the targeted nerves. In addition, a single physician assistant was instructed to control the infi ltration and was present at the theatre at all surgeries. At the end of the surgeries before wound closure, 0.5 mL/kg body weight of the syringes was infi ltrated at 2 different locations: (1) half of the volume was infi ltrated anterior to the superior iliac spine, where the LCFN passes below the inguinal ligament; (2) the other half of the volume was infi ltrated in the tissues of the upper part of the wound extending from the anterior iliac spine to the iliac crest just cranial of the wound to anaesthetize all sensible end nerves of the subcostal nerves. Postoperatively, VAS at rest, escape medication, and complications every 6 hours on the fi rst day and every 8 hours on the second day were registered. Nausea, vomiting, and urinary retention were also documented. The primary endpoint of the study was the VAS at rest 24 hours postoperatively. Discharge criteria included stable vital signs, the ability to walk with crutches, to walk the stairs, and VAS < 4. After discharge, patients were seen at the outpatient clinic 6 weeks postoperatively and the HOOS, SF-12, and OHS questionnaires as well as complications were documented. After the last patient was seen in the outpatient clinic the randomization key was provided to the investigators by the pharmacy department.
Statistics
Intention to treat analyses were performed by use of IBM SPSS Statistics for Windows version 24 (IBM Corp, Armonk, NY, USA). All variables are summarized according to their distribution by use of means with standard deviations (SD) or frequencies with accompanying percentages. Patient characteristics and baseline variables were compared between treatment groups using Student's t-tests and chi-squared tests (or Fisher's exact tests) for continuous and categorical variables respectively. The effect of the intervention on patientreported outcome measures (NRS pain, HOOS, OHS, and SF-12) was analyzed by use of univariate and multivariate regression analysis to correct for potential confounders (age, gender, BMI) at primary (24 hours) and secondary endpoints, and mean between group difference with 95% confi dence intervals were calculated at each follow-up moment. Additionally, escape medication usage and complications were compared by use of chi-squared tests (or Fisher's exact tests). For the main analysis (NRS pain at 24 hours) a p-value of ≤ 0.05 was considered statistically signifi cant. Holm's procedure was used to correct for multiple testing for secondary outcomes. Sensitivity analysis, using multiple imputation, was performed for all cases to assess presence of bias. 10 fully observed datasets were imputed with complete data and were analyzed to conform with the previously stated protocol, and results were aggregated.
Ethics, registration, funding, and potential confl icts of interest
The randomized double-blind placebo-controlled study was approved by the local ethics committee (protocol no. M013-034). Written informed consent was obtained from all participants. The study was registered at EudraCT registry (2013-004031-71) and Dutch CCMO registry (NL45740.094.13). No competing interest declared. No funding was received for this study.
Results
166 patients were randomized into 2 groups (Figure 1) . 4 of the subjects were excluded due to their ASA (ASA III) classifi cation, which was a pre-defi ned exclusion criterion. Of the remainder 80 were enrolled in the placebo group and 82 in the ropivacaine group. No subjects were lost to follow-up. Baseline characteristics and patient demographics are given in Table 2 . The mean age of the subjects was 66 years in both groups with a female predominance. The results of the VAS measurements are shown in Table 3 and Figure 2 . After 6 hours there was a statistically lower VAS at rest in the study group compared with the control (p = 0.04). At later time points, this difference ceased (Figure 2) . When using Holm's procedure to correct for multiple comparisons, however, the significance after 6 hours was lost (signifi cance level according to Holm's procedure < 0.008). There is no statistically signifi - No statistically signifi cant differences are observed. cant difference in the use of escape pain medication between the two groups. In addition, no differences are observed in the HOOS, OHS, and SF-12 questionnaires. The occurrence of nausea, vomiting, and urinary retention was equally distributed between the two groups (data not shown). The presence of adverse events was also similar between the two groups, with none of the events related to the infi ltration of ropivacaine. The 3 serious adverse events included one subject with postoperative hemorrhage requiring surgical evacuation (ropivacaine group), cardiac ischemia requiring coronary bypass surgery (ropivacaine group), and a subject with early periprosthetic joint infection (placebo group). Finally, the length of stay was not statistically different between the groups (data not shown). Sensitivity analysis revealed similar outcomes, except after 6 hours at which point the difference was not statistically signifi cant anymore.
Discussion
We found that a double nerve block of the lateral cutaneous nerve and subcostal nerves does not result in signifi cant pain relief in the postoperative period. No differences in complications or other adverse events were observed. Moreover, the pre-determined primary endpoint of the current trial, a lower pain score after 24 hours, was not met. Although initially a signifi cant reduction of pain scores after 6 hours was found, the difference was lost after using a multiple comparisons procedure to control for the infl ation of the type 1 error rate. And even when signifi cance had remained, it was not clinically relevant, since the VAS was only 0.9 point in favor of the LIA group; it has been suggested that differences in VAS become clinically meaningful when exceeding 1.3 points (Gallagher et al. 2001) . A well-known limitation of the VAS measurements is the ceiling effect that becomes more signifi cant at later time points due to the low values that approach the values of healthy subjects. Postoperative pain is a complex clinical condition that is still not fully understood. One of the main causes is the local tissue damage due to the surgical approach. This may be the main reason why LIA has reliable outcomes in TKA patients in whom the surgical approach hardly differs between trials. NRS pain at rest 6 hours 4.2 (3.6-4.9) 3.3 (2.6-3.9) 0.9 (0.1 to 1.7) 0.9 (0.04 to 1.7) 0.04 12 hours 3.5 (2.9-4.0) 3.6 (2.9-4.4) -0.1 ( Only at T = 6 hours is the pain score in the LIA group signifi cantly lower compared with the placebo group with a p-value of 0.04. However, note that the p-value required for signifi cance is < p = 0.008 after Holm's procedure. In THA on the other hand, there is a highly variable surgical preference to approaching the hip, which is refl ected by the different approaches used in LIA studies (see Table 1 ). It is important to mention that local infi ltration is performed as part of an effective multimodal pain regimen consisting of acetaminophen, meloxicam and gabapentin. The latter especially is not always well tolerated and may result in early postoperative dizziness and more effective local infi ltration might therefore allow a reduction of these medications. We used a straight lateral approach, which was only used in 2 prior studies (Bianconi et al. 2003 , Busch et al. 2010 . Both studies showed a reduction in postoperative pain by the use of LIA. However, further comparison with our trial is controversial since the groups were much smaller compared with our group and the tissues that were infi ltrated differed. Both RCTs used LIA to infi ltrate primarily the subcutaneous tissues and Busch et al. also targeted the capsule tissue. Our aim was to show whether the infi ltration of the nerves supplying the skin around the incision area is of additional value as a part of traditional LIA. The reason for this type of infi ltration is that in our prior observations most patient suffer from superfi cial wound pain after a THA performed by a straight lateral approach; the groin pain after surgery is mostly very mild. Only a single study infi ltrated the lateral cutaneous femoral nerve, but the surgeries in that study were actually performed via a posterolateral approach (Dobie et al. 2012) . In that study also, no differences were found in pain and mobilization in the LIA compared with a not further specifi ed control group. The study, however, additionally infi ltrated the surgical tissues and had a much smaller sample size than our study.
One of the possible limitations of our study is that the suspension contained only ropivacaine. Earlier studies in TKA showed superior results with the addition of an anti-infl ammatory agent such as ketorolac (Andersen et al. 2013) . Also, studies that used ketorolac in the suspension in THA generally show more favorable results (Andersen et al. 2007a , Andersen et al. 2007b , Busch et al. 2010 , Banerjee and McLean, 2011 , Kuchalik et al. 2013 . Our aim, however, was to block the nerves supplying the surgical area in order to evaluate specifi cally the pain contribution from these 2 nerves and we did not directly infi ltrate the damaged tissues in the surgical fi eld. It might therefore be questioned whether the addition of ketorolac would have been more effective. Moreover, the addition of ketorolac to the LIA suspension can be debated by the absence of NSAID receptors in the tissues around the hip and the agents may act primarily by a general instead of a local effect. We did administer an NSAID to all patients orally postoperatively. The only trial studying the infi ltration of the cutaneous femoral nerve as part of LIA used bupivacaine (and adrenalin (epinephrine)) (Dobie et al. 2012) .
Our primary endpoint was pain reduction after 24 hours. It might be questioned whether ropivacaine is still working at that time point, in view of its half-life of 2-6 hours. However, we surmised if pain was reduced early postoperatively this would have resulted in earlier effective mobilization and thereby a longer reduction of pain and earlier discharge. Obviously, choosing an earlier endpoint in the current study would not have resulted in another conclusion since no differences were observed at all. The maximum follow-up was 6 weeks, since we did not expect any differences in the long term. Few studies have looked at the long-term effects of LIA in arthroplasty patients. Interestingly, a recent study showed that LIA in hip arthroplasty patients reduced postsurgical pain after 1 year . Because of these fi ndings, they also showed that the LIA administration is more cost effective in hip compared with knee arthroplasty patients . Since in our study all differences have ceased after 6 hours postoperatively, the interesting fi ndings in these trials seem incompatible with our results.
In summary, we show that a double nerve block of the lateral cutaneous nerve and subcostal nerves does not result in a clinically relevant reduction of postoperative pain in THA patients with surgery performed by a straight lateral approach under spinal anesthesia. Further research should focus on the composition and volume of the LIA suspension, the optimal localization of the infi ltration, and should be evaluated for every surgical approach separately.
